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Abstract 
The development of oil rim reservoirs is often very marginal due to tight economic constraints. The ability to accurately predict 
the performance of an oil rim reservoir through simulation is therefore vital in determining its commerciality. The prediction 
performance of oil rim simulation models has been previously shown to be strongly dependent on gridding. The use of local 
grid refinement and most recently horizontal gridding is covered extensively in the literature. An area which has received little 
attention in the literature is the effect that the interaction between square gridblock length (∆x) and thickness (∆z) and kv/kh has 
on oil rim prediction performance.  
 
The first part of this study therefore investigates the effect of ∆x, ∆z and kv/kh on oil rim prediction performance. A 
homogenous simulation model was used and oil rim performance was measured in terms of gas breakthrough time (GBT) and 
oil recovery factor (RF). It was found that GBT sensitivity with respect to ∆x is linked to kv/kh. For increasing ∆x, GBT 
increases away from its Base Case more quickly for a higher kv/kh than it does for a lower kv/kh. For kv/kh of 0.001 it was found 
that GBT is not affected by an increase in ∆x. It was also found that GBT is generally not affected by ∆z. RF was found to be a 
lot less sensitive to ∆x than GBT. The observed interaction between ∆x, ∆z and kv/kh is confirmed by Peaceman (1993). 
 
The second part of this study investigates the effect of reservoir parameters on GBT and RF using a homogenous and a 
heterogeneous sector model. For both models the results indicate that horizontal permeability, oil viscosity and oil rim 
thickness are the three most significant parameters that affect GBT and RF.  
 
Introduction 
Production from oil rim reservoirs dates back to 1965(Weber et al. 1978) and successful developments can be found on all four 
continents of the world (Kabir et al. 1998; Yaliz et al. 2002; Forrest et al. 2005; Bayley-Haynes & Shen 2003; Cosmo & 
Oluwaseyi 2004). Over the past 20 years thin oil column reservoirs, which are overlain by gas and underlain by water, have 
become more economically viable due to the introduction of horizontal wells and recently the high oil price. These more 
marginal developments, which Irrgang (1994) describes as those that cone gas or water when produced at commercial rates, 
have been the focus of numerous papers investigating production and numerical simulation strategies amongst other things. 
 
In a thin oil rim development it is especially important to accurately predict the breakthrough times of water and gas into the 
oil column. The coning of overlying gas or underlying water into an oil rim occurs when the dynamic force due to wellbore 
drawdown around the wellbore is greater than the weight contrast between the displaced and displacing fluids. As production 
rate increases the displacing fluid continues to move into the oil column until the cone becomes unstable and gas/water is 
produced into the well (Osisanya et al. 2000). This breakthrough of gas/water can limit oil production below commercial rates 
and is often the reason why thin oil rims are not developed.  
 
Strategies to push forward the development of marginal thin oil rim cases include unconstrained liquid or gas production (Van 
Putten 2008) and the drilling of densely spaced horizontal wells (Vo et al. 2001). Both strategies are capital intensive with high 
gas production resulting in lower oil production rates and requiring larger gas processing facilities, and the drilling of densely 
spaced wells increasing rig time. In cases with tight economic constraints and government instruction to optimize the ultimate 
recovery factor, which is a common occurrence for large gas cap and small oil rim reservoirs (Van Putten 2008), these 
strategies are often not possible. In such cases the project is deemed unfeasible or proceeds constrained by a well count and/or 
gas/water rate.    
 
Numerical simulation and production analysis studies have shown that oil rim reservoir performance is affected by oil column 
thickness, formation anisotropy and permeability, gas cap and aquifer size, viscosity and perforation position amongst other 
factors (Kabir et al. 2004; Vo et al. 2000). The prediction performance of oil rim numerical simulation models has been shown 
Imperial College 
London 
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to be strongly dependent on gridding. Recent studies have shown that horizontal gridding, which honours fluid contacts rather 
than geological units, improves the prediction performance of numerical simulation models (Hsu 1998). Earlier work made use 
of local grid refinements, focusing refinement over the oil rim interval and around the wellbore (Henriquez et al. 1992). There 
is general agreement that refinement in the direction perpendicular to a horizontal well is most critical to accurately capturing 
gas/water coning effects.  Such refinements have been used extensively in thin oil rim parameter sensitivity studies. 
 
 An area which has received little attention in the literature is the effect that the interaction between square gridblock length 
and thickness and kv/kh has on oil rim prediction performance. Both these parameters appear in Peaceman’s equation, which is 
used to calculate flowing bottom hole pressure from simulation gridblock pressure and commonly appears in commercial 
simulation software. It is apparent that both parameters directly influence the near wellbore pressure distribution in reservoir 
simulators and are therefore likely to impact upon predicted gas breakthrough time. 
 
Considering the above, this paper has three main objectives: 
 
1. To assess the oil recovery factor of a case study oil rim field by means of correlations and to compare to that found from 
reservoir simulations. 
2. To determine and discuss the effect of simulation gridblock size and kv/kh on oil rim prediction performance using a 
homogenous reservoir simulation model. 
3. To determine and discuss the key parameters affecting oil rim reservoir performance using a homogenous reservoir model 
and a heterogeneous sector model taken from Field X’s full field simulation model provided by Tullow Oil. 
 
This study is based on Field X which has a thin oil rim, relatively large gas cap and small aquifer. All properties for the 
simulation models are from analysis carried out by Tullow Oil.  
 
Preliminary Screening of Field X  
Field X is a gas reservoir with a thin oil rim and lies in 300m of water around 80km from shore. The reservoir has a high net to 
gross ratio with up to 50% net sand and the main facies are: channel sands; heterolithics: debris flows and non-reservoir shales. 
The channel sands and heterolithics are predicted to form the producing reservoir with the channel sands having porosities and 
permeabilities of more than 30% and 4 Darcy and the heterolithics predicted to have more variability.  The field is very 
heterogeneous as a result of turbiditic deposition and therefore flow is difficult to predict. The potential producing life of the 
field is constrained by a number of non reservoir related factors and is limited to around seven years. Future oil production 
from the field would be constrained by gas rate hence effectively predicting the Gas Breakthrough Time (GBT) is important to 
the projects economics. 
 
High, low and base case parameters were used for each facies to estimate an oil Recovery Factor (RF) generated from three 
models proposed by Vo et al. (2000), Irrgang (1994) and Kabir et al. (2004). The reservoir facies split of 50% of shale, 25% of 
Channel Sand and 25% of Heterolithics was used to calculate three facies volume weighted RF’s (low, base and high) for each 
model.  
  
 
 
 
 
 
 
 
Table 1. P10, P50 & P90 RF from correlation models and simulation runs. 
 
 
 
Case Correlation RF (%) Simulation RF 
P10 21 14 
P50 7 9 
P90 2 4 
Fig. 1. Range of RF calculated from models by Vo et al. (2000), Irrgang (1994) and Kabir et al. (2004). 
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As seen in Table 1 there is consistent disagreement between the simulation and correlation generated RF’s. The correlations 
have been generated under certain constraints and application outside of the constraints therefore results in the discrepancy 
shown.  However the reasonable match for the P50 case indicates that the use of correlations for preliminary screening 
purposes may be a useful practice. In particular using the approach taken here may be particularly useful. 
 
Simulation Study Methodology 
Numerous homogenous simulation models were created to investigate the effect of gridblock dimensions and kv/kh on oil rim 
performance (Part1). One model was then chosen and used to investigate the effect that reservoir parameters have on oil rim 
performance (Part 2). A sector model taken from the Tullow Oil’s full field model was also used in Part 2 to access the impact 
of heterogeneities on oil rim performance. For Part 1 gridblock dimensions and kv/kh were varied and for Part 2 geological and 
fluid properties were varied.  
 
Part 1: Effect of Gridblock Dimensions and kv/kh On Gas Breakthrough Time and Recovery Factor. Peaceman (1993) 
defined limits on square gridblock side length (∆x). He found that if the scaled grid aspect ratio ((∆𝑥/∆𝑧)(𝑘𝑣/𝑘ℎ)
0.5 ) was no 
greater than 0.9 times the number of gridblocks between the well and the nearer of the top or bottom boundaries, then the 
equivalent wellblock radius (a function of ∆x, ∆y and kv/kh) would be accurate to within 10% of the analytical solution. The 
equivalent wellblock radius is used to calculate the bottomhole flowing pressure (BHP) of a well from its gridblock pressure. 
This means that the BHP calculated in a simulation model 
is directly related to gridblock dimensions and kv/kh. 
Therefore gridblock dimensions and kv/kh directly impact 
on near wellbore pressure distribution.  
 
Peaceman’s limits are very conservative (Peaceman 1993) 
and it became apparent that if they were to be used as a 
basis to select gridblock size, simulation runs times would 
be unacceptably long. Instead the limits, which are shown 
in Fig. 2, were used to select a “Base Case” gridblock size 
to which all other simulations would be compared to. The 
smallest gridblock was therefore set with ∆x and ∆y of 25 
m and gridblock thickness (∆z) of 0.5 m and is referred to 
as the Base Case on graphs in the following sections. The 
Base Case most accurately represents gas coning behaviour 
and therefore it’s Gas Breakthrough Times (GBT) and 
Recovery Factors (RF) are used as a reference for models 
with larger gridblocks.    Gridblock thickness increments were 0.5, 1, 2, 3 and 5 m and ∆x were 25, 50, 100, 200 and 400 m. In 
total over 30 simulation models with different ∆x=∆y and ∆z combinations were created. The model with the largest 
gridblocks (400 x 400 x 5 m) consisted of 1,120 gridblocks and the model with the smallest (25 x 25 x 0.5 m) consisted of 
3,072,000 gridblocks. 
 
To capture the full interaction between kv/kh and gridblock dimensions, kv/kh was varied between 0.001 and 1 for each of the 
models. Field X’s kv/kh is thought to be around 0.1 and therefore four kv/kh values were tested between 0.1 and 1. 
 
Part 2: Effect of Reservoir Parameters on Gas Breakthrough Time and Recovery Factor. Firstly, a one variable at a time 
study was carried out to determine the effect of reservoir parameters on oil rim performance. From findings in Part 1 a model 
with 96000 gridblocks of dimension 100 x 100 x 1 m was used. In this model kh, kv/kh, oil viscosity, oil column thickness, 
relative permeability Corey parameters, gas cap size to oil rim size ratio, and oil rim thickness were varied one at a time. 
Further simulation runs were then carried out on the same model varying all of the parameters at the same time for each run 
between their upper and lower limits. This was done using the software package Enable.  The results from both studies were 
then analysed using least squares linear regression. A t-test analysis was then carried out to determine the most significant 
parameters affecting GBT and RF. These results were then compared to those from the heterogeneous sector model. 
 
 
 
 
 
Fig. 2.Maximum gridblock ∆x and ∆y allowed for different kv/kh 
according to Peaceman’s inequality. ∆z of 1 m was used. 
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Table 2. Range of parameters used for homogenous simulation model sensitivity study. 
 
 
 
 
 
 
Simulation Models. The focus of this study is primarily on oil rim performance and therefore a single horizontal well was 
perforated in the oil column and was aerially positioned in the centre of all models.  
 
Homogenous Models:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The models were set up based on the geological and economical constraints of Field X and therefore they had a number of 
common inputs as shown in Table 3. 
 
The effects of oil-water capillary pressure were included in the model resulting in an oil-water transition zone of 3 m. Gas-oil 
capillary pressures were deemed to be insignificant and therefore complete fluid segregation was assumed between gas and oil. 
A tubing head pressure was not set and flow simulations were constrained by a minimum bottom hole flowing pressure of 100 
bars.  
 
Table 3. Inputs used for homogenous simulation models in Parts 1 and 2. 
Simulator Input Value 
Porosity (%) 25 
Net to Gross (%) 38 
Minimum Flowing Bottom Hole Pressure (bar) 100 
Initial Reservoir Pressure (bar) 251 
 Gas Rate Constraint (sm
3
/D) 340000 
Oil Rate Constraint (sm
3
/D) 795 
Horizontal Well Completion Length (m) 500 
Well Completion Standoff from OWC (% of oil rim thickness) 23 
Aquifer Thickness (m) 50 
Oil-Water transition zone (m) 3 
Gas-oil transition zone (m) 0 
Model x and y dimension (m) 2000 x 3000 
 
 
 
 
 
Parameter Values 
kv/kh 0.001 0.01 0.1 0.2 0.4 0.8 1 
Permeability (mD) 10 100 500 1000 1500 - - 
Oil Viscosity (Cp) 0.24 0.37 0.49 0.61 0.73 - - 
M ratio 0.4 0.8 2 4 8 - - 
Oil Column Thickness (m) 17 22 27 32 37 - - 
Fig. 3. One line of i and j gridblocks from the simulation model chosen from a 
range of models tested in Part 1 to investigate the effect of reservoir parameters 
in Part 2. The gas column is shown in red, the oil in green and the aquifer in blue. 
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Heterogeneous Sector Model: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Simulation runs on this model had the same inputs as in Table 3 except porosity and Net to Gross. Four facies (channel and 
heterolithics considered as net) exist in the model and each has its own set of static properties, dynamic properties and capillary 
pressure relation. In addition three facies realisations were used, giving three models with Net to Gross of 29, 37 and 43%. 
 
Reservoir performance for all models has been measured in terms of oil RF and GBT. GBT has been taken as the point in time 
at which the gas rate goes above the solution gas rate seen at maximum oil rate. RF is defined as the ratio at standard 
conditions of cumulative oil volume produced after three years to initial oil volume in place. The flow simulations were 
performed using the black oil simulator “Eclipse”. A Visual Basic script was written to gather all relevant data from the 
simulation outputs. Daily time steps were specified so the GBT had suitable resolution.   
 
Simulation Results and Analysis 
 
Part 1: Effect of Gridblock Dimensions and kv/kh On Gas Breakthrough Time and Recovery Factor. 
 
Impact of GBT on RF: 
There is a strong correlation of RF to GBT. Prior to gas breakthrough oil rate produces on plateau at the oil constraint. 
Following breakthrough, gas rate increases until it reaches the gas constraint, at which point the oil rate comes off plateau and 
declines. Hence, the later the gas breakthrough the longer the time the oil rate is on plateau and therefore the greater the RF.    
 
 Impact of Gridblock ∆x on GBT and RF:  
 
Fig. 5 and Fig. 6 show GBT’s and RF’s from models with ∆z of 1 m. Four other gridblock ∆z’s were tested: 0.5, 2, 3 and 5 m. 
The trends of the GBT and RF graphs for ∆z of 0.5 to 3 m are similar. They differ by shifts in the y axis depending on the ∆z. 
Fig. 6.Impact of gridblock ∆x and ∆y on RF for ∆z of 1 m. Fig. 5.Impact of gridblock ∆x and ∆y on GBT for ∆z of 1 m. 
 
Fig. 4. Sector model taken from Tullow Oil’s full field simulation model of Field X. Channel 
(yellow), Heterolithics (purple), Debris (orange) and non reservoir (grey) facies are 
displayed. The fining of the grid correlates to the 22 m thick oil column. This model had 
NTG of 43% 
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In general for ∆x of 50 to 200 m the GBT and RF graphs are the very similar.  Then for ∆x of 400 m the GBT’s and RF’s vary 
for different ∆z.  The GBT’s and RF’s for ∆z of 5 m are lower than for ∆z of 0.5 to 3 m. The GBT’s also do not have the same 
relationship with kv/kh. The relationship is similar, except for models with kv/kh of 0.001. They have significantly lower GBT’s 
in comparison to the equivalent runs for ∆z of 0.5 to 3 m. Nevertheless the analysis in this section applies to all models with 
different gridblock ∆z.  
 
Fig. 6 shows that RF is much less sensitive to ∆x than GBT. For the whole range of kv/kh and ∆x of 50 m to 200 m RF does not 
increase by more than 20% of its corresponding Base Case. Therefore cumulative oil production for each kv/kh over the three 
year period is similar. This indicates that horizontal flow of oil 
towards the production well is not affected by an increase in ∆x. It 
can also be seen that RF sensitivity with respect to ∆x is not 
influenced by kv/kh for ∆x of less than 200 m.   
 
Fig. 5 shows that: 
 GBT increases with ∆x for kv/kh of 0.01, 0.1 and 1. 
 There is no noticeable relationship between GBT and ∆x 
for kv/kh of 0.001. 
 
The increase in GBT with ∆x for kv/kh of 0.01, 0.1 and 1 can be 
explained by looking at Models A and B. Model A is more refined 
than Model B in the x and y direction (50 vs. 200 m) and gas 
breakthrough occurred 32 days earlier in Model A. After 12 days of 
production gas broke through in Model A, both models produced 
the same volume of oil and Model A’s average drawdown was 0.52 
bar greater than Model B’s. The drawdown difference is not 
thought to be the main cause of difference in GBT’s. Firstly 
because a model with ∆x and ∆y of 400 m and ∆z of one metre had 
a GBT of 115 days whilst drawing down three bar more than 
Model’s A and B. Secondly when the models were tested with constant flowing bottom hole pressure (BHP) of 245 bar and no 
rate constraints Model A saw gas breakthrough 15 days earlier to Model B. Thirdly because the drawdown difference is 
“artificially” big.  Just prior to gas breakthrough in Model A the gas saturation approaching the well is increased. As a result of 
relative permeability effects caused by the increased gas and 
water saturations, the simulator calculates a lower BHP to 
meet the oil rate constraint. This means the drawdown 
difference is inflated as a result of impending breakthrough in 
Model A. Thus the drawdown difference between the models 
is a result of gas breakthrough occurring, rather than gas 
breakthrough occurring as a result of the whole drawdown 
difference between Model’s A and B. 
 
Finally, it would be expected that field drawdown pressure 
would correlate positively with the Pressure Potential 
Drawdown (PPD) between gridblocks X and Y. Gridblock X 
is defined as the uppermost gridblock in the oil rim in the 
column of gridblocks with the same i co-ordinate as the 
production well. Gridblock Y sits on top of X and is defined 
as the first gridblock up from the GOC in the same column as 
Gridblock X. The column of gridblocks in which Gridblock X 
and Y are found is defined as Column X.  As seen in Fig. 8 
PPD between Gridblocks X and Y decreases as field 
drawdown pressure increases in models with the same kv/kh, 
indicating a gridblock effects. This confirms the discrepancy 
in GBT’s between Models A and B is primarily due to the 
difference in gridblock dimensions.  
 
GBT increases with gridblock length perpendicular to the wellbore as the ability of a grid to accurately reflect gas/water coning 
behaviour reduces. An increase in gridblock size effectively results in saturations being averaged out across a region of 
interest. This effect is of little concern where saturation changes are small over large distances. However in regions which have 
Fig. 7. Gas (red), oil (green) and water (blue) saturation 
distribution after 12 days of production from two models 
with different grids. Model A has gridblocks of ∆x=∆y=50 m 
and Model B has gridblocks of ∆x=∆y=200 m. In both 
models ∆z=1 m and kv/kh=0.1. The image is of a view 
looking down the completed horizontal section of the well. 
Saturation after 12 days is shown as this was the GBT for 
Model A.   
Fig. 8. The impact of normalised field drawdown pressure on the 
normalised difference in pressure potential of Gridblock X and Y 
for different kv/kh. The four points for each set of kv/kh data are for 
gridblock ∆x of 50 m, 100 m, 200 m and 400 m. All pressures 
were taken after 12 days of production. The results for kv/kh of 
0.001 are omitted. This is because their GBT’s are not noticeably 
dependent on ∆x (Fig. 5) and therefore it was found the PPD 
between gridblocks X and Y was the same for different field 
drawdown pressures.   
12  Oil Rim Reservoir Performance 
 
0
2
4
6
8
10
12
14
16
18
0 10 20 30 40 50 60
D
is
ta
n
ce
 a
w
ay
 f
ro
m
 G
O
C
 in
to
 t
h
e 
o
il 
ri
m
  (
m
)
Gas Saturation (%)
Model A
Model B
large saturation changes over short distances and two/three phases in close proximity i.e. near wellbore in a thin oil rim 
reservoir, this effect can be critically important. This is shown in Fig. 7.  
 
Model A’s grid has sufficient resolution to capture the near wellbore pressure distribution. This is shown by the increasing oil 
saturation distribution moving outwards from the well. Model B’s grid is too coarse to capture the pressure distribution in a 
realistic way. Therefore the local saturation changes around the well, which must be captured if GBT is to be predicted 
accurately, cannot be represented.  
 
After 12 days of production Model A has greater oil rim gas 
saturation than Model B in Column X. The gas is therefore 
more mobile in Model A than in Model B, hence gas breaks 
through earlier in A. The difference in gas saturation is 
explained in two ways. Firstly due to the different gridblock 
outer contacts that Model’s A and B have. The gridblocks in 
Column X for Model A have a greater percentage of their 
outer surface area in contact with gridblocks of higher gas 
saturation than Model B. In contrast Model B’s Column X 
gridblocks outer surface area is connected with gridblocks of 
higher oil saturation. Therefore more gas is able to flow from 
the surrounding gridblocks into Column X for Model A than 
Model B. This effect is a direct consequence of a finer grid 
being able to represent coning behaviour more accurately than 
a coarser grid. The effect would therefore be expected to 
increase in significance the coarser the grid.   
 
The second reason why there is an increasing difference in 
gas saturation with depth in Column X is that there is a compounding effect in the movement of gas saturation. Over the 12 day 
period Gridblock X for Model A has slightly higher gas saturation than Model B. Gas in this gridblock is therefore more 
mobile than in Model B and more gas passes down into the gridblock below. This process repeats and as the relative 
permeability curves for oil and gas are non linear the difference between gas saturations of Model A and B increases with 
depth as shown in Fig. 9.  Therefore during the 12 day production period Model A has gas of greater mobility in Column X and 
therefore gas breakthrough is seen earlier than Model B. 
 
The difference in gas saturation of Gridblock X after 12 days of production is thought to be due to the difference in gridblock 
volume between the models. Over a given simulation time step and for the same gridblock fluid withdrawal volume, a smaller 
gridblock’s pressure would decrease more than a larger gridblock’s pressure. For the next time step the smaller gridblock 
would then have a greater PPD on its surrounding cells. This was observed, with Model A’s Gridblock X drawing down on the 
Gridblock Y by 0.0029 bar more than in Model B. A bigger PPD would lead to a larger flow of gas into Model A’s Gridblock 
X resulting in the observed larger gas saturation. This difference in saturation may also be exaggerated due to the same volume 
of gas entering both Gridblock X’s causing a bigger increase in saturation in Model A’s smaller gridblock.  
 
 This leads to the hypothesis that the larger the gridblock ∆x the smaller the PPD between Gridblock X and Y on the GOC after 
12 days of production and therefore the smaller the gas saturation in Gridblock X. This was tested for gridblocks of different 
∆x after 12 days of production. Fig. 10 shows that for kv/kh of 0.01, 0.1 and 1 an increase in ∆x causes a decrease in the PPD 
that Gridblock X imparts on Gridblock Y. As a consequence gas saturation of Gridblock X decreases. The order of which 
happens first is dependent on the constraint the simulator is working to. In this case gas rate was the constraint. Therefore 
pressures would be calculated from imposed saturation changes. 
 
 
 
Fig. 9. Gridblock gas saturation from GOC down to the 
production well in the column of gridblocks with the same i co-
ordinates as the production well (Column X) in Fig. 7.  
Saturations are the same as in Fig. 7. 
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The PPD difference between ∆x of 50 m and 400 m is less pronounced for kv/kh of one. It is proposed this is due to the system 
having a smaller change in overall pressure after 12 days of production compared to systems of lower kv/kh.  This suggests that 
the PPD difference between ∆x of 50 m and 400 m should increase as kv/kh decreases from one. This is true for kv/kh of 1 to 
0.01. However this trend stops at kv/kh of 0.001. This is expected because GBT for kv/kh of 0.001 has no noticeable relationship 
with ∆x and also with the PPD between Gridblocks X and Y. Despite the result for kv/kh it can be said that the initial 
hypothesis holds. 
  
The impact of the PPD between Gridblocks X and Y on GBT is shown in Fig. 11. For kv/kh of 0.01, 0.1 and 1 it is seen that a 
decrease in PDD causes an increase in GBT. This is expected as a smaller PPD between Gridblocks X and Y suggests two 
things. Firstly that less gas would flow into the oil rim. Secondly that pressure potential gradient towards the well is smaller. 
These two consequences would ultimately delay gas breakthrough. It has therefore been shown why GBT for a given kv/kh 
occurs later for a larger gridblock ∆x. 
 
Impact of kv/kh and ∆x on GBT and RF:  
The Base Case in Fig. 12 shows that GBT decreases at a decreasing rate as kv/kh increases from 0.001 to 0.1.  This decreasing 
rate falls to zero between kv/kh of 0.1 to 1 where GBT becomes independent of kv/kh. This behaviour contrasts to that of larger 
gridblocks. Larger gridblocks with ∆x of 50 m roughly share same trend between kv/kh of 0.001 and 0.01 as the Base Case. 
However between kv/kh of 0.01 to 1 larger gridblocks have a greater impact on GBT. As gridblock ∆x increases above the Base 
Case, GBT is seen to increase as kv/kh increases from 0.01 to 1. Intuitively GBT should decrease with increasing kv/kh. 
Therefore gridding effects produce results that are physically wrong.  
 
The reversal in behaviour for increasing ∆x coincides with increases in average field drawdown pressure a shown in Fig. 13.  
The normalised results show that for kv/kh of one average field drawdown pressure is affected the least by changes in ∆x in 
comparison to lower kv/kh’s.  It is also shown in Fig. 12 that GBT is most sensitive to changes in ∆x when kv/kh is 1. It can 
therefore be said for ∆x of 50 m and above drawdown pressure changes have a greater effect on the GBT of systems with 
higher kv/kh in comparison to systems with lower kv/kh. This is shown by the increasing spread of GBT’s with increasing kv/kh 
in Fig. 12.  
Fig. 10. Impact of gridblock ∆x, ∆y on the pressure potential 
difference between Gridblocks X and Y and on the gas saturation 
of Gridblock X. Gridblock ∆z is 1 m. Data is from 12 days after 
the start of production. 
Fig. 11. Impact of gridblock ∆x, ∆y on the pressure potential 
difference between Gridblocks X and Y and on GBT. Gridblock ∆z 
is 1 m. Data is from 12 days after the start of production. 
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 Impact Gridblock ∆z on GBT:  
 
Fig. 14 and Fig. 15 show GBTs from models with various gridblock ∆z’s and ∆x’s for kv/kh of 0.01 and 1. The equivalent 
results for kv/kh of 0.1 share the same trend as seen for kv/kh of 1. The results for kv/kh of 0.001 follow a similar trend to those of 
kv/kh 0.1 and 1, except they have smaller GBTs. For ∆x of 200 m and less GBT is not affected greatly by gridblock ∆z. This is 
this case as refinement in the z direction doesn’t directly affect a model’s ability to capture lateral pressure distribution. 
Therefore the main saturation changes moving away from the well can be captured, which as mentioned earlier is vital in 
predicting GBTs. The GBTs for ∆x of 400 m are significantly more affected by ∆z. This is expected as increasing ∆z increases 
gridblock volume size. For reasons discussed earlier, this therefore results in variable GBTs.   
 
Grid Selection for Part 2: 
This section has shown that the ability of an oil rim simulation model ability to predict GBT and RF is very sensitive to 
gridblock dimensions and the systems kv/kh. Notably the degree of refinement away from the well required to be able to 
accurately predict GBT has been shown to be dependent on the systems kv/kh. The aim of Part 2 is focused on the relative 
influence of parameters not precisely on GBT or RF prediction. For this reason LGRs, despite being considered, were not used. 
Instead gridblock dimensions of 100 x 100 x 1 m were chosen for the homogenous model in Part 2. These dimensions were 
considered to produce a simulation model which had the optimal balance between run time and quality of results.  
 
Part 2: Effect of Reservoir Parameters on Gas Breakthrough Time and Recovery Factor. Homogenous simulation 
models with gridblock size of 100 x 100 x 1 m were set up with the simulation input parameters from Table 3. Horizontal 
permeability, oil viscosity, m ratio, kv/kh, oil column thickness and standoff between the GOC and the production well were 
varied.  Firstly the results from the study in which one parameter was changed for each run are discussed. Analysis of these 
results and of those from the study which involved varying all parameters at once then follows. 
Fig. 12. Impact of kv/kh on GBT for various ∆x’s and ∆z = 1m. Fig. 13. Impact of ∆x on actual and normalised field drawdown 
pressure averaged over a three year production period. ∆z = 1m. 
Fig. 15. Impact of ∆z for kv/kh of 1 and different ∆x and ∆y’s. Fig. 14. Impact of ∆z for kv/kh of 0.01 and different ∆x and ∆y’s. 
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Results: 
 
Impact of Oil Rim Thickness: 
The production well for all cases was positioned vertically at 22% of the oil rim thickness (ORT) up from the OWC. This 
meant that as ORT increased the distance to both the OWC and the GOC increased. Fluids moving from the contacts therefore 
had further to travel before reaching the well. Further to travel at constant drawdown results in increased travel time and 
therefore increased GBT. This effect can be seen in Fig. 16, which shows an increase in GOC standoff causes GBT to increase. 
The change in GBT with ORT may also be showing a slight non linear trend. This is seen by the inflated GBT’s for ORT of 17 
and 37 m. These points do not fit with the trend shown by ORT of 22 to 32 m. As all of the cases had very similar drawdowns 
prior to gas breakthrough an almost linear increase of RF with ORT is seen in Fig. 17.   
  
Impact of kh: 
   
According to Darcy’s Law a smaller drawdown is required for a high kh system to produce at the same rate as that of a low kh 
system. In addition a high kh system replaces produced fluids more quickly and therefore maintains higher pressure than a low 
kh system. Thus a high kh system has overall less pressure change giving a more stable gas-oil interface. This ultimately results 
in delayed gas break through and therefore higher RF. This is seen in Fig. 18, which shows time to gas breakthrough increasing 
linearly with increasing kh for ORT 17 to 32 m. The heightened increase in GBT between kh of 1000 mD and 1500 mD for 
ORT of 37 m indicates that linear increase in GBT with kh may not always be a correct assumption under certain ORT’s. It can 
therefore be concluded that the interaction of kh and ORT may have non linear tendencies.  
 
 
 
Fig. 18. Impact of kh on GBT for different ORT’s. Fig. 19. Impact of kh on RF for different ORT’s. 
Fig. 16. Impact of oil rim thickness on GBT. Fig. 17. Impact of oil rim thickness on RF. 
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Impact of kv/kh: 
Vertical permeability should play an important role in gas breakthrough as it is one of the key parameters which control the 
speed that gas moves from the GOC downwards towards the production well. As kv/kh controls vertical permeability it is 
therefore seen to impact on GBT. Fig. 20 shows that kv/kh’s influence on GBT changes thus making it a highly non linear 
relationship. Moving from very low kv/kh of 0.001 to 0.01, GBT is observed to decrease in size by three times. This 
corresponds to a decrease in RF of around 0.02. Then from kv/kh of 0.01 to 0.1 GBT is almost completely unaffected by an 
increase in kv/kh. RF however remains higher for kv/kh of 0.01 than 0.1 despite gas breakthrough occurring at the same time for 
both cases. This occurs due to the increase in Gas Oil Ratio (GOR) for kv/kh of 0.01 being much more gradual than for 0.1. 
This therefore increases the time for which the case with kv/kh of 0.01 can flow oil on plateau, thus increasing it’s RF. The 
apparent increase in GBT between kv/kh of 0.1 and 1 is an affect of the gridding. From studies shown earlier GBT is known to 
be largely unaffected by kv/kh between 0.1 and 1. Fig. 21 shows the observed gridding effect does not noticeably affect RF. 
 
 Impact of Initial Gas Cap volume to Oil Rim volume ratio (m ratio): 
 
  
 
 
 
 
 
 
 
 
Fig. 17 shows that the initial size of the gas cap in relation to the oil rim has little influence on GBT for all tested ORT’s. This 
shows that for GBT the extra “push” a larger gas cap provides to move gas from the GOC to the production well is 
insignificant in comparison to the drawdown the well puts on the system.  Fig. 16 shows that RF is slightly more affected by m 
ratio. For m ratio of two to eight RF is shown to change very little. For m of two or less it is seen that the smaller the m ratio 
the greater the RF. For instance the RF for ORT of 17 m increases by 0.004 over the range. The increase in RF is due to 
increased oil production as a result of lower gas production. Lower gas production for a lower m ratio is a result of the smaller 
gas cap having less energy to push gas towards the well. Taking into the account the small affect of m ratio on GBT, it can be 
said that less energy provided by the gas gap causes a smaller volume of gas to reach the well. It can be concluded that for RF 
the decrease in energy for m ratio of two or less is much more significant than the increase in energy for m ratio of two or 
more.  
 
Fig. 20. Impact of kv/kh on GBT for different ORT’s. 
 
Fig. 21. Impact of kv/kh on RF for different ORT’s. 
 
Fig. 23. Impact of m ratio for different ORT’s. Fig. 22. Impact of m ratio on GBT for different ORT’s 
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A decrease in m ratio causing an increase in RF goes against traditional theory that says the greater the m ratio the greater the 
RF. The discrepancy is due to a difference in definition. Recovery factor in this work is taken after three years of production. 
The RF that appears in traditional theory is a long term overall RF. Therefore the fluctuation of oil production with m has more 
significance on the three year RF than on the longer term overall RF.  
 
Impact of viscosity: 
According to Darcy’s Law an increase in viscosity of a phase causes a linear increase in pressure drop in that phase for a given 
production rate and phase saturation. Therefore it should be expected that the greater the viscosity, the earlier the GBT. This is 
shown in Fig. 24. For ORT of 17 and 22 m an increase in viscosity causes an almost linear decrease in GBT. Then for ORT of 
27 m and greater a non linear relationship exists, which shows GBT increasing at an increasing rate as viscosity decreases. The 
large increase in GBT of 93 days between ORT of 32 and 37 m as viscosity decreases from 0.37 to 0.24 cP highlights the non 
linear interaction between viscosity and ORT. 
 
Analysis: 
The results from the previous section and from the simulation runs in which all of the parameters were varied at once have 
been analysed using least squares linear regression and the t test to determine the significance of the parameters. The primary 
output of linear regression is a proxy model of the form y = a1x1+ a2x2 + ….. + b, where x1 etc correspond to the varied 
parameters, a’s are coefficients and b is an intercept. Proxy models to predict GBT and RF were generated and Fig. 26 shows a 
plot of RF from simulations vs. RF from the proxy model. One of the ways in which the accuracy of a proxy model is 
determined is how closely the plotted points follow the line of y = x. Fig. 26 shows that there is scatter of the points around the 
line.  This indicates the linear nature of the estimator model prevented the non linear trends of the data being captured. The 
parameter with greatest non linearity with respect to GBT and RF is kv/kh. As shown in Fig. 20 the range of kv/kh which 
contributes most to the non linearity is 0.001 to 0.01. It can be seen that the proxy model consistently underestimates the RF for 
those results which had kv/kh between 0.001 and 0.01. In other words the Proxy model was unable to capture the rapid increase 
in RF or GBT with respect to kv/kh for the very low values of kv/kh as shown in Fig. 20. To continue the analysis it was decided 
that a new proxy model would be generated with the results which had kv/kh of 0.001 to 0.01 omitted. This is shown in Fig. 27.      
  
Fig. 24. Impact of oil viscosity on GBT for various ORT’s. Fig. 25. Impact of oil viscosity on GBT for various ORT’s. 
Fig. 26. Simulation RF vs. Proxy Model RF for all results. Fig. 27. Simulation RF vs. Proxy Model RF for kv/kh 0f 0.01 to 1. 
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The proxy model generated for GBT was less able to match the simulation results. This is explained by comparing the trends in 
Fig. 16 through to Fig. 25. The trends for GBT with respect to kh, kv/kh and oil viscosity tend to be less regular than for those 
for RF. For instance the trends of GBT with respect to oil viscosity shown in Fig. 24 are seen to change in shape for different 
ORT’s. In comparison the corresponding trends for RF shown in Fig. 25 has the same shaped for different ORT’s. The linear 
model is therefore able to match the more predictable behaviour of RF more accurately than it is for GBT. Hence the greater r
2 
correlation value for RF. 
 
The “a” coefficients and their associated standard error from the GBT and RF proxy models were used to carry out a t-test 
analysis to determine the relative affect that the individual parameters have on GBT and RF. The results for RF are presented 
in Fig. 29 and for GBT in Fig. 28. Based on these results it can be seen that the three most significant parameters affecting 
GBT and RF are oil rim thickness, oil viscosity and horizontal permeability. For RF and especially GBT the Corey parameters 
are deemed to be relatively insignificant. It is thought this may be due to the influence of results from the study in which all of 
the parameters were varied for each run. By varying all of the Corey parameters for each run the impact that an individual 
parameter has on GBT and RF may have been smeared. For instance if a run had very a low krw with a low Nw, the significance 
of Nw having a low value may not be recognised. For both RF it is seen that the Corey water parameters are deemed more 
significant than the Corey gas parameters. This suggests water effects have more of an impact on RF than gas effects. However 
the Corey parameters for water had greater range around the base case values. It is thought this is the reason for the observed 
results. 
 
Fig. 30 shows the sensitivity of RF from the heterogeneous 
simulation model to various static and dynamic parameters. 
It can be seen that oil rim thickness, oil viscosity, horizontal 
permeability, Corey (O/W) and vertical permeability are 
judged to have the most impact on RF. These results are 
therefore similar with Fig. 29. The main flow facies are the 
channel sands and it is therefore expected that parameters 
describing their behaviour would be significant. The effect 
of the three facies models, which ultimately is the connected 
reservoir volume to the well, is not as significant as 
expected. This is explained by a “smearing” effect caused by 
horizontal permeability and porosity. The effect is 
essentially the same as described earlier for the Corey 
parameter sensitivities. In this case, low permeability and 
porosity multipliers appearing at the same time as a high 
case facies model would result in the significance of the 
high case facies model begin reduced in comparison to the other parameters. Hence it is seen that the facies model is not one of 
the key parameters on the tornado plot.   
 
Discussion 
Part 1: Effect of Gridblock Dimensions and kv/kh On Gas Breakthrough Time and Recovery Factor. The aim of Part 1 
was to determine the effect of simulation gridblock size and kv/kh on oil rim prediction performance using a homogenous 
reservoir simulation model. This was done by running numerous simulations on models with different kv/kh and square 
gridblock lengths (∆x) and thickness (∆z). It was found that GBT sensitivity with respect to ∆x is linked to kv/kh. For 
Fig. 29. Relative impact of parameters on RF. Fig. 28. Relative impact of parameters on GBT. 
Fig. 30. Relative impact of parameters on RF for the 
heterogeneous sector model. 
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increasing ∆x, GBT increases away from its Base Case more quickly for a higher kv/kh than it does for a lower kv/kh. For kv/kh 
of 0.001 it was found that GBT is not affected by an increase in ∆x. It was also found that GBT is generally not affected by ∆z. 
As RF correlates positively with GBT an increase in ∆x causes an increase in RF. RF is however a lot less sensitive to ∆x than 
GBT.  
  
Peaceman (1993) ultimately says the further away ∆x from 
its Peaceman limit (defined earlier in Fig. 2), the further 
away the simulator calculated BHP is from its actual value. 
BHP is directly linked to the rate at which fluid flows 
towards the well. Therefore BHP is directly linked to GBT. 
Thus the further away ∆x from Peaceman’s limit, the more 
incorrect the calculated BHP is and therefore the further 
GBT is from the value it should be. For a given ∆x, the 
distance it is from Peaceman’s limit is a function of kv/kh 
(Fig. 2). Therefore the greater the kv/kh the further away ∆x is 
from Peaceman’s limit and ultimately the further away GBT 
will be from its real value. This statement is summarised by 
Fig. 31. It shows that for a given ∆x, kv/kh of one is further 
away from it’s Base Case GBT than a lower kv/kh is. Thus 
the observed effect of ∆x and kv/kh on GBT is confirmed by 
Peaceman (1993). Furthermore on inspection of Peaceman’s 
inequality (1993) it is seen that Peaceman’s limits on ∆x are independent of ∆z. Thus the observed effect that GBT is generally 
not affected by ∆z is also confirmed by Peaceman (1993). 
 
The findings from this study have two main practical implications. Firstly consideration should be given to a systems kv/kh 
when choosing a gridding system to model an oil rim reservoir. Secondly quick screening studies of an oil rims RF may be 
possible with grids that have ∆x of over 100 m and ∆z of 1 m.    
 
These results however have not considered the impact of reservoir heterogeneity. Heterogeneity directly impacts upon the 
variation of kv/kh throughout a simulation model. It is suggested that further work should look into the impact of heterogeneity 
on the conclusions drawn from this study.  
 
Part 2: Effect of Reservoir Parameters on Gas Breakthrough Time and Recovery Factor. The aim of this section was to 
determine the parameters which have most effect on oil rim reservoir performance. This was done by running numerous 
simulations on both a homogenous model and a heterogeneous sector model taken from Field X. For both models the results 
indicate that horizontal permeability, oil viscosity and oil rim thickness are the three most significant parameters that affect 
GBT and RF. The similarity in results for both models may suggest that the impact of heterogeneity is not as significant as first 
thought. The similarity can however be explained in two ways. Firstly the upper and lower limits for each parameter were the 
same for both models. Secondly the sector model was of high net sand and therefore on average may have had similar flow 
properties to the homogenous model. It may therefore have been expected for the results between both models to be similar.  
 
It is suggested that data acquisition programs for oil rim reservoirs should initially be focused on assessing horizontal 
permeability, oil viscosity and oil rim thickness. These parameters can be determined with a good degree of confidence if the 
correct data acquisition program is carried out. A program involving fluid sampling (oil viscosity), formation pressure testing 
(oil column thickness) and pressure transient tests (horizontal permeability) is recommended.  
 
 Conclusions 
This study has assessed oil rim reservoir performance with respect to simulation gridding and reservoir parameters. The results 
from Part 1 (Effect of Gridblock Dimensions and kv/kh On Gas Breakthrough Time and Recovery Factor) show that; 
1. For increasing ∆x, GBT increases away from its Base Case more quickly for a higher kv/kh than it does for a lower 
kv/kh. 
2. For kv/kh of 0.001 GBT is not affected by an increase in ∆x. 
3. GBT is generally not affected significantly by ∆z. 
4. GBT is much more sensitive to gridblock size in comparison to RF. 
The results from Part 2 (Effect of Reservoir Parameters on Gas Breakthrough Time and Recovery Factor) show that; 
1. Horizontal permeability, oil viscosity and oil rim thickness are the three most significant parameters affecting GBT 
and RF.  
Fig. 31. Impact of ∆x’s distance from Peaceman’s limit on GBT for 
different kv/kh.  ∆z is 1 m. 
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Appendix A  Critical Literature Review 
  
Gridding for Oil Rim Reservoirs Papers 
SPE Paper no. Year Title Authors Contribution 
10974 1982 Local Mesh 
Refinement for 
Finite Difference 
Methods 
D.U. von Rosenberg First to propose a method of local 
grid refinement for finite difference 
solutions. 
13507 1986 Use of a Hybrid 
Grid in Reservoir 
Simulation 
O.A. Pedrosa Jr, K. 
Aziz 
First grid system which contains 
Cartesian and Orthogonal grids in 
different regions of the model.  
21181 1992 Novel Simulation 
Techniques Used in 
a Gas Reservoir 
With a Thin Oil 
Zone Troll Field 
A. Henriquez, O.J. 
Apeland, O. Lie, I. 
Cheshire 
 
First paper to include local grid 
refinement in the simulation grid 
for an oil rim reservoir. 
21217 1993 Representation of a 
Horizontal Well in 
Numerical Reservoir 
Simulation 
Peaceman, D.W. First to provide limits on square 
gridblock length for modeling 
horizontal wells in simulation 
models. 
39548 
 
1998 
 
Use of New 
Horizontal Grids in 
Reservoir 
Simulation Models 
Improves the 
Chance of Success 
in Developing 
Marginal Thin Oil 
Rim Reservoirs 
using Horizontal 
Wells 
 
H.H. Hsu 
 
First to use horizontal and hybrid 
simulation grids to model long 
horizontal wells in oil rim 
reservoirs. 
 
130454 
 
2010 
 
New Approach to 
Thin Oil Zone 
Modeling In High-
Dipping 
Multilayered 
Reservoirs 
 
E. Tolstukhin, P. 
Olivier 
 
First to use a hybrid simulation grid 
for the field the paper is based on. 
 
148023 
 
2011 
 
A New Simulation 
Grid Type is 
Demonstrated for 
the Giant Troll Oil 
and Gas Field 
 
J. Vinje, R. Nybo, G. 
Grinestaff 
 
First to explain in detail the process 
of creating a hybrid simulation grid 
for an oil rim reservoir. 
 
22  Oil Rim Reservoir Performance 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Influence of Parameters for Oil Rim Reservoirs  
SPE Paper no. Year Title Authors Contribution 
64385 2000 Lookback on 
Performance of 50 
Horizontal Wells 
Targeting Thin Oil 
Columns, Mahakam 
Delta, East 
Kalimantan 
 
D.T. Vo, S. Waryan, A. 
Dharmawan, R. Susilo, 
R. Wicaksana 
First to provide a model linking oil 
recovery efficiency to oil column 
thickness. 
68675 2001 Reservoir 
Management for 
Ultra-Thin Oil 
Columns Under Gas 
Cap and Water 
Support: Attaka 
Field Examples 
 
D.T. Vo, S. Witjaksana, 
Sukerim Waryan, Agung 
Dharmawan, Iwan 
Harmawan 
First to provide a correlation based 
on production data linking oil rim 
thickness to recovery factor. 
IPTC 12344 2008 Concurrent Oil & 
Gas Development 
Wells: A Smart Well 
Solution to Thin Oil 
Rim Presence in Gas 
Reservoirs 
Van Putten, S. and 
Naus, 
First to provide sensitivities on 
concurrent oil and gas 
development. 
89755 2008 Production Strategy 
for Thin-Oil 
Columns in 
Saturated Reservoirs 
 
C.S. Kabir,M. Agamini, 
R.A. Holguin 
First to provide a model linking oil 
recovery efficiency to a number of 
static and dynamic parameters. 
128603 2009 First-Pass Screening 
of Reservoirs with 
Large Gas Caps for 
Oil Rim 
Development 
 
O. Olamigoke, A. 
Peacock 
First to provide a model linking oil 
recovery efficiency to a number of 
static and dynamic parameters for 
concurrent oil and gas 
development. 
136955 
 
2010 
 
Preliminary 
Assessment of Oil-
Rim Reservoirs A 
Review of Current 
Practices and 
Formulation of New 
Concepts 
 
K.A. Lawal, I.A. Wells, 
A.O. Adenuga 
 
First to provide an integrated 
energy-balanced model to calculate 
preliminary estimates of recovery 
efficiency. Also first to review and 
compare five existing models used 
to estimate oil recovery from oil 
rims.  
 
23  Oil Rim Reservoir Performance 
 
  
Capillary Transition Zone Papers 
SPE Paper no. Year Title Authors Contribution 
143983 
 
2011 
 
Reliable 
Characterization and 
Modeling of the 
Capillary Transition 
Zone and Flow 
dynamics in the Oil 
Rim Reservoirs 
 
R. Masoudi, H. 
Karkooti, M.B. Othman, 
N.H. Darman 
First to extensively review the 
concept of transition zone 
characterisation and the current 
limitations and challenges in 
modelling static and dynamic 
properties in oil rim reservoirs.  
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SPE 10974 (1982) 
 
Local Mesh Refinement for Finite Difference Methods 
 
Authors: D. U. von Rosenberg 
 
Contribution to the understanding of oil rim reservoir performance: 
Indirect contribution. Contributed to the theory behind local grid refinement in reservoir simulation grids.  
 
Objective of the paper: 
To develop a method of local grid refinement for use with finite difference techniques for reservoir simulation. 
 
Methodology used: 
The effectiveness of local grid refinement was tested by obtaining finite difference solutions of a model problem and 
comparing them with the analytic solution to solve the problem.  
The model used was a repeated five spot injection production pattern in a homogeneous reservoir. 
 
Conclusions reached: 
An effective method of local grid refinement for finite difference solutions has been developed, resulting in accurate solution 
with faster computer run time. 
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SPE 13507 (1986) 
 
Use of a Hybrid Grid in Reservoir Simulation 
 
Authors: O.A. Pedrosa Jr, K. Aziz 
 
Contribution to the understanding of oil rim reservoir performance: 
Indirect contribution. Contributed to the theory behind local grid refinement in reservoir simulation grids.  
 
Objective of the paper: 
To improve the treatment of wells in reservoir simulators by the use of an orthogonal curvilinear grid in well regions and a 
rectangular grid elsewhere. 
 
Methodology used: 
The multiphase flow equations were discretized using a similar method used by Nghiem (1983) and then solved directly or 
iteratively. 
 
Conclusions reached: 
The results showed that a grid with different grids can lead to accurate representation of the reservoir flow without excessive 
cost. 
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SPE 21181 (1992) 
 
Novel Simulation Techniques Used in a Gas Reservoir With a Thin Oil Zone Troll Field 
 
Authors: A. Henriquez, O.J. Apeland, O. Lie, I. Cheshire 
 
Contribution to the understanding of oil rim reservoir performance: 
Didn’t add to the understanding, however improved the ability simulate oil rim reservoirs. 
 
Objective of the paper: 
To refine the simulation grid in regions of the reservoir where necessary in a user-friendly way using a method which uses less 
computer processing time than previous methods. 
 
Methodology used: 
Global coarse grid advanced through one timestep, providing boundary conditions for the refined zones. 
Local grids solved individually with timesteps of the length needed to resolve the fluid flow. 
 
Conclusions reached: 
 Local grid refinement with smaller time steps allows detailed temporal and spatial resolution of pressure and 
saturation changes without prohibitive increase in computer time. 
 Vertical equilibrium conditions in the global grid and in the local grid refinement around the well allow the relevant 
physics of coning phenomena to be taken into account. 
 Simulation of different scenarios for parts of the reservoir can be carried out flexibly with flux boundary conditions. 
 The combined use of the above options allows flexible, non time consuming, user friendly reservoir simulation of a 
variety of reservoir management scenarios for the Troll field. 
 
: 
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SPE 21217 (1993) 
 
Representation of a Horizontal Well in Numerical Reservoir Simulation 
 
Authors: Van Putten, S., and Naus, M. 
 
Contribution to the understanding of oil rim reservoir performance: 
First to provide limits on square gridblock length for modeling horizontal wells in simulation models. 
 
Objective of the paper: 
To investigate if concurrent oil and gas production is a feasible development concept. 
 
Methodology used: 
Analytical. 
 
Conclusions reached: 
If the scaled grid aspect ratio ((∆𝑥/∆𝑧)(𝑘𝑣/𝑘ℎ)
0.5 ) was no greater than 0.9 times the number of gridblocks between the well 
and the nearer of the top or bottom boundaries, then the equivalent wellblock radius (a function of ∆x, ∆y and kv/kh) would be 
accurate to within 10% of the analytical solution. 
 
Comments: 
A very useful paper for understanding the interaction of square gridblock length, depth and reservoir anisotropy. 
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SPE 39548 (1998) 
 
Use of New Horizontal Grids in Reservoir Simulation Models Improves the Chance of Success in Developing Marginal Thin 
Oil Rim Reservoirs using Horizontal Wells 
 
Authors: Hsiu-Hsyong Hsu 
 
Contribution to the understanding of oil rim reservoir performance: 
Significant in terms of how oil rim reservoirs are modelled.  
 
Objective of the paper: 
To propose a method which accurately represents horizontal wells in a reservoir simulation model. 
 
Methodology used: 
Wrote a computer program which horizontalizes the z grids of a simulation grid based on geology. Using the horizontal 
gridding simulations were then run on homogenous, heterogeneous, single and multiple reservoirs.  
 
Conclusion reached: 
 Conventional non-horizontal corner point geometry grids have difficulties handling thin oil rim reservoirs. 
 Horizontal grids give more accurate prediction of gas and water coning. 
 Horizontal grids can accurately predict the optimal vertical position of a horizontal well. 
 Horizontal grids give more accurate gas-oil ratio and water cut profiles along the horizontal wellbore section 
 
Comments: 
The paper also provides a method of conserving reservoir volume and permeability distribution when moving from the 
stratigraphic grid to the horizontal grid. 
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SPE 130454 (2010) 
 
New Approach to Thin Oil Zone Modeling In High-Dipping Multilayered Reservoirs 
 
Authors: Evgeny Tolstukhin, Pierre Olivier 
 
Contribution to the understanding of oil rim reservoir performance: 
Applies methods discovered by others to enhance the understanding of simulation through way of case study of a field. 
 
Objective of the paper: 
To compare the performance of a stratigraphic grid with local grid refinement to a hybrid grid. 
 
Methodology used: 
For a high dipping reservoir stratigraphic, stratigraphic with local grid refinement, horizontal and hybrid simulation grids were 
constructed and compared. Following this the models using the stratigraphic and hybrid grids were simulated. 
 
Conclusion reached: 
 The stratigraphic nor the horizontal grids gave the desired modelling performance  
 The hybrid grid allowed improvement of the horizontal well representation, vertical well placement and a capability to 
handle detailed modelling of the transition zone. 
 The hybrid grid helped improve the final oil recovery and the enhancement of field performance prediction. 
 
Comments: 
Disadvantages of the stratigraphic grid: 
 Does not correctly represent saturation fronts, therefore creating a problem for the correct distribution of initial water 
saturation and thus affecting the prediction of recoverable oil. 
 Does not represent the horizontal well paths correctly i.e. a horizontal well path can only be created as a zig zag in the 
model due to the requirement that the well path is tied to grid block centres. This deviation affects the coning 
development and production prediction of the model. 
 
Disadvantages of the stratigraphic grid with local grid refinements: 
 Constrained by the maximum allowed refinement in order to achieve acceptable computer run times. 
 Can also cause numerical convergence problems. 
 
Disadvantages of the horizontal grid: 
 Reservoir property mapping is limited due to the stair casing effects which prevents continuity in the layers and across 
fault planes, thus resulting in non representative fluid flow. 
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SPE 148023 (2011) 
 
A New Simulation Grid Type is Demonstrated for the Giant Troll Oil and Gas Field 
 
Authors: Jo Vinje, Roger Nybo, George Grinestaff 
 
Contribution to the understanding of oil rim reservoir performance: 
Applies methods discovered by others to enhance the understanding of simulation through way of case study of a field and for 
the first time provides a methodology on how to create a hybrid simulation grid. 
 
Objective of the paper: 
To present the methodology used to create a hybrid simulation grid for the Troll Field, Norway North Sea. 
 
Methodology used: 
1. A stratigraphic grid was built in RMS. 
2. An in-house script created the horizontal gridding with respect to a depth range and the number of horizontal layers. 
3. The hybrid grid was then exported back to RMS and was upscaled using 5 different methods. 
 
Conclusions reached: 
 Reservoirs with a thin oil column will benefit significantly from a hybrid grid compared to a stratigraphic one. 
 For a reservoir with dipping layers the hybrid grid represents fluid contacts and horizontal wells much more 
accurately than a stratigraphic grid 
 The quality of the upscaled properties on the horizontal part of the hybrid grid is difficult to get as good as the 
stratigraphic part. 
 The work process for building and history matching a hybrid simulation grid is more complex than a stratigraphic grid 
and should only be used when a stratigraphic grid is not fit for purpose. 
 
Comments: 
 Upscaling of the permeability from the stratigraphic grid to the horizontal part of the hybrid grid should in theory 
involve a transformation from permeability aligned along the stratigraphic layers to being fully horizontally aligned. 
However for this field the maximum dip is four degrees, resulting in a 0.1 to 0.2 reduction in horizontal permeability. 
This effect was deemed insignificant and therefore permeability redistribution using tensors was not carried out. 
 Best upscaling results obtained by using a stratigraphic layer identifier to get correspondence between geological 
model and hybrid simulation grid 
 Volume weighted geometric, arithmetic, harmonic averaging also tested as an upscaling method. These were found to 
preserve thin zones running through the horizontal grid. 
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SPE 64385 (2000) 
 
Lookback on Performance of 50 Horizontal Wells Targeting Thin Oil Columns, Mahakam Delta, East Kalimantan 
 
Authors: D.T. Vo, S. Waryan, A. Dharmawan, R. Susilo, R. Wicaksana 
 
Contribution to the understanding of oil rim reservoir performance: 
Reasonable as it provides a model linking oil column thickness to recovery factor.  
 
Objective of the paper: 
To look back on the performance of over 50 horizontal wells drilled in three different fields in the Mahakam Delta, Indonesia. 
 
Methodology used: 
Reservoir and well performance was analysed using analytical modelling and reservoir simulation to show the effect of well 
location, well length, well path and standoffs to fluid contacts on oil recovery. 
 
Conclusions reached: 
Horizontal wells in thin oil columns provide larger drainage areas and better recovery efficiency than conventional wells. 
Amongst others a correlation linking oil column thickness to oil recovery is generated. 
 
Comments: 
RF equation generated here is referenced in “Preliminary Assessment of Oil-Rim Reservoirs A Review of Current Practices 
and Formulation of New Concepts”. 
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SPE 68675 (2001) 
 
Reservoir Management for Ultra-Thin Oil Columns Under Gas Cap and Water Support: Attaka Field Examples 
 
Authors: D.T. Vo, S. Witjaksana, Sukerim Waryan, Agung Dharmawan, Iwan Harmawan 
 
Contribution to the understanding of oil rim reservoir performance: 
First paper to provides actual field data on an ultra thin oil rim reservoir. 
 
Objective of the paper: 
To share production data from a producing ultra thin oil rim reservoir and to show learnings. 
 
Methodology used: 
Simulation and production data analysis. 
 
Conclusions reached: 
It is possible to improve cost and maintain RF by drilling densely spaced horizontal wells. 
The use of gas lift is essential to improving RF. 
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IPTC 12344-MS (2008) 
 
Concurrent Oil & Gas Development Wells: A Smart Well Solution to Thin Oil Rim Presence in Gas Reservoirs 
 
Authors: Van Putten, S., and Naus, M. 
 
Contribution to the understanding of oil rim reservoir performance: 
Provides information into the economic constraints typical of a thin oil rim reservoir. 
 
Objective of the paper: 
To investigate if concurrent oil and gas production is a feasible development concept. 
 
Methodology used: 
Simulation. 
 
Conclusions reached: 
Placing the horizontal leg of the production well close to the GOC can be advantageous to maximize the time that the oil 
section is exposed to the oil rim. 
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SPE 89755 (2008) 
 
Production Strategy for Thin-Oil Columns in Saturated Reservoirs 
 
Authors: C.S. Kabir,M. Agamini, R.A. Holguin 
 
Contribution to the understanding of oil rim reservoir performance: 
Not significant as it proposes an new production strategy and uses methods described by others. 
 
Objective of the paper: 
To run simulations and carry out sensitivity analysis to develop simple correlations for quick screening of novel two stage/one 
stage depletion strategies in reservoirs with thin oil columns. 
 
Methodology used: 
Simulations were run on two depletion strategies: 
1
st
 option: 1
st
 stage: conventional horizontal well is completed below the Gas Oil Contact 
                    2
nd
 stage: once the well waters out it is recompleted in the gas zone 
2
nd
 option: 1
st
 stage is omitted and the horizontal well is just completed just above or below the GOC 
 
Simple recovery factor correlations were then developed using multivariate regression. 
 
Conclusions reached: 
 Placing a horizontal well nearer to the GOC increases recovery. 
 An equation linking recovery factor to dynamic and static parameters is provided. 
 
Comments: 
RF equation generated here is referenced in “Preliminary Assessment of Oil-Rim Reservoirs A Review of Current Practices 
and Formulation of New Concepts”. 
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SPE 128603 (2009) 
 
First-Pass Screening of Reservoirs with Large Gas Caps for Oil Rim Development 
 
Authors: O. Olamigoke, A. Peacock  
 
Contribution to the understanding of oil rim reservoir performance: 
Reasonable as it gives new models linking various dynamic parameters to oil recovery for three different development 
strategies which could be used in other studies. 
 
Objective of the paper: 
To analyse the field performance of selected oil rim reservoirs in the Niger Delta and to analyse oil rim dynamics and assess 
the impact on oil and gas recovery for a range of subsurface uncertainties. 
 
Methodology used: 
 Production data was analysed on a well by well basis to compare oil rim thickness to average primary oil recovery 
 A generic simulation model was then used to compare oil rim thickness and permeability, viscosity, aquifer strength, 
m value, producer position, kv/kh and GOR to primary oil recovery. 
 Three oil recovery response surface models were then developed for sequential oil then gas development and for 
concurrent development.  
 
Conclusions reached: 
 Under favourable conditions oil columns down to 20ft can be considered for development 
 Oil rims greater than 30ft should be considered for development, with the choice of development concept largely 
dependent on the size of the gas cap, reservoir permeability and anticipated aquifer strength. 
 The three response models produced are useful for quick screening of oil rims. 
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SPE 136955 (2010) 
 
Preliminary Assessment of Oil-Rim Reservoirs A Review of Current Practices and Formulation of New Concepts 
 
Authors: K.A. Lawal, I.A. Wells, A.O. Adenuga 
 
Contribution to the understanding of oil rim reservoir performance: 
Not significant as it proposes an untested new analytical method for estimating oil recovery. With time it could be significant if 
the method proves to be robust.  
 
Objective of the paper: 
To review and compare five existing models used to estimate oil recovery from oil rims and to describe a new model. 
 
Methodology used: 
The proposed new method: 
𝑁𝑝 =
𝑞𝑟𝐸𝑝
𝐸𝐷
 
Where: 
 𝐸𝑝=energy available in the reservoir that is associated with gas cap production 
𝐸𝐷= energy required to produce reservoir fluids to the surface 
𝑞𝑟= offtake rate (surface conditions) 
 
RE=100. (
𝑁𝑝
𝑁
) 
 
Conclusions reached: 
The five reviewed common correlations and nonograms for screening oil rim reservoirs indicates that they are not robust for 
the intended purpose and could give misleading results. 
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SPE 143983 (2011) 
 
Reliable Characterization and Modeling of the Capillary Transition Zone and Flow dynamics in the Oil Rim Reservoirs 
 
Authors: R. Masoudi, H. Karkooti, M.B. Othman, N.H. Darman 
 
Contribution to the understanding of oil rim reservoir performance: 
Does not propose new ideas, it reviews existing knowledge and applies it to an original case study. 
 
Objective of the paper: 
To extensively review the concept of the transition zone characterisation and the current limitations and challenges in 
modelling static and dynamic properties in oil rim reservoirs.  
 
Methodology used: 
Reviews existing knowledge and presents it via a case study of a reservoir in Malaysia.  
 
Conclusions reached: 
 Reliable understanding of the volumetric assessment, saturation distribution, flow dynamics from the capillary 
transition zone and the mobile oil distribution can play a major role in the project economy of an oil rim development. 
 The saturation height function derived from the logs and core generated capillary pressure measurements should be 
reconciled for proper saturation modelling in the capillary transition zone. 
 For a capillary transition zone with underlain displaced oil zone, imbibition has probably succeeded the primary 
drainage, resulting in an imbibition type saturation distribution. For this case the usual assumption of drainage process 
to initialise the reservoir model is not valid. Drainage and imbibition capillary pressures should be used to determine 
the initial fluid saturation distribution in the field including the capillary transition zone and the displaced oil zone. 
Drainage and imbibition relative permeability curves should also be used to model the flow during production.  
 Measured residual oil saturation at the maximum initial oil saturation from SCAL tests may not be representative of 
the whole oil column including the capillary transition zone. The actual residual oil saturation could be far less than 
the reported SCAL value at the maximum oil saturation. Representative residual oil saturation can greatly affect the 
figures of the mobile oil saturation and amount of oil recovery. 
 The concept of the residual oil saturation dependency to the initial oil saturation has been used to explain point 4. A 
depth trend residual oil saturation has also been used. 
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Appendix B  Recovery Factor Models and Parameters Used 
 
B.1 Vo et al. (2000). 
 
𝑅𝐸 = 0.451𝐻𝑜 − 14.363 
 
B.2 Irrgang (1994). 
 
𝑁𝑝𝑤~ 
∅𝑒  (1 − 𝑆𝑤𝑐 − 𝑆𝑜𝑟) 𝑘ℎ 𝐻𝑜
2.5 𝑅𝑛𝑔
1.5
𝜇𝑜𝑖 𝐵𝑜𝑖  106
 
𝑅𝐹 = 100 
𝑛 𝑁𝑝𝑤
𝑁
 
 
B.3 Kabir et al. (2004). 
 
𝑅𝐹 =  −24.626 + 1.722 ℎ𝑜 +  9.687 ∗ 10
−4 𝑘ℎ +  3.171 𝑆𝑜𝑟𝑤 +  2.062 ∗ 10
−3 𝐿𝑤 +  0.276 ℎ𝐺𝑂𝐶 +  4.983 ∗ 10
−4𝑞
− 0.026ℎ𝑜
2 +  1.482 ∗ 𝑞ℎ𝑜 −  0.019 𝑞 𝑆𝑜𝑟𝑤  
 
B.4 RF equation to account for Channel Sand, Heterolithics and Shale RF’s. 
 
𝑅𝐹 = 0.5 𝑅𝐹𝑆ℎ𝑎𝑙𝑒 + 0.25 𝑅𝐹𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑆𝑎𝑛𝑑 + 0.25 𝑅𝐹𝐻𝑒𝑡𝑒𝑟𝑜𝑙𝑖𝑡ℎ𝑖𝑐𝑠 
 
𝑅𝐹𝑆ℎ𝑎𝑙𝑒,𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑆𝑎𝑛𝑑,𝐻𝑒𝑡𝑒𝑟𝑜𝑙𝑖𝑡ℎ𝑖𝑐𝑠 are calculated assuming a homogeneous reservoir made up of 100% Shale, Channel Sand or 
Heterolithics. RF is then calculated on a facies volume basis. The shale is assumed as non produceable and therefore 𝑅𝐹𝑆ℎ𝑎𝑙𝑒is 
set to 0.  
 
Table 4. Parameters of predicted producing reservoir facies for recovery factor correlations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parameter 
Channel Sands Heterolithics 
Low Base High Low Base High 
Permeability (mD) 1360 1700 2040 8 10 12 
Oil Column Thickness (ft) 53 72 78 53 72 78 
Net Oil Column Thickness (ft) 43 66 72 10 23 30 
Swc 0.35 0.15 0.1 0.63 0.63 0.47 
Sor 0.15 0.1 0.07 0.24 0.21 0.18 
Oil Viscosity (Cp) 0.59 0.49 0.39 0.59 0.49 0.39 
Boi (rb/stb) 1.35 1.27 1.19 1.35 1.27 1.19 
Effective Porosity (%) 20 25 30 14 17 20 
Net to Gross (%) 80 90 90 20 30 35 
STOIIP (mmstb) 70 130 160 70 130 160 
Completion length (ft) 3280 
Distance to GOC (ft) 16.4 
Well Oil Rate (stb/d) 5000 
Number of Wells 4 
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B.5 RF’s for different RF correlations 
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B.6 Relative Permeability Curves  
 
 LOW CASE (1) 
 
BASE CASE (2) 
 
HIGH CASE (3) 
Gas Oil Oil Water Gas Oil Oil Water Gas Oil Oil Water 
Corey Exponents 1.5 6.5 5 2.4 2 5 3.87 3 2.5 4.5 3 5 
Saturation End-Point (%) 0 0 15 35 0 0 10 15 0 0 8 10 
Relative Permeability End-Point 1 1 1 0.6 1 1 1 0.51 1 1 1 0.38 
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Appendix C  Part 1: GBT vs. RF  
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Appendix D  Part 1: Impact of Gridblock ∆x and kv/kh on GBT 
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Appendix E  Impact of Gridblock ∆x and kv/kh on RF 
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Appendix F  Part 2: Impact of Relative Permeability Model on GBT and RF   
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Appendix G  Part 2: Proxy model used to determine parameter significance with respect to GBT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parameter Coefficient 
Oil rim thickness 5.82 
Oil viscosity 3.92 
kh 1.87 
Krw 0.83 
Corey (O/W) -0.77 
Swc -0.73 
Corey (W) -0.72 
Corey (O/G) 0.72 
m ratio 0.69 
Corey (G) -0.44 
kv/kh -0.33 
Sor -0.10 
 
G.1 Coefficients used for Fig. 27 
Parameter Coefficient 
kh 17.12 
Oil viscosity 13.71 
Oil rim thickness 7.14 
Swc 2.74 
Corey (O/W) -2.25 
kv/kh -2.01 
m ratio -1.11 
Krw 0.97 
Corey (W) 0.75 
Corey (G) -0.67 
Sor -0.59 
Corey (O/G) -0.13 
 
 
46  Oil Rim Reservoir Performance 
 
G.2 Coefficients used for Fig. 26 
Parameter Coefficient 
kh 8.91 
pvt 7.13 
oil_rim_thickness 4.91 
kvkh -4.23 
C_No -2.45 
C_Swc 1.24 
C_Ng 0.44 
m_ratio -0.41 
C_Nog -0.31 
C_Sor 0.21 
C_Krw_end 0.13 
C_nw -0.10 
 
 
  
  
  
  
  
  
  
  
  
  
  
  
 
